Most of the observations reported in this study were limited to the Ruby River. Stream shocking to determine fish abundance and stream bottom sampling to determine the amounts of fish food organisms were carried on prior to and following spraying. Chemical analyses were made on water, vegetation, sediments, and fish to determine the presence of DDT and the stream was patrolled to observe any fish mortalities.
The study data are siunmarized as follows:
1.
Spraying adjacent to the Ruby Rivei occurred on July 'J, 1957* 2.
Aerial application was made at the rate of 1 pound of DDT per acre and quantities reaching the stream ranged from 0.01 to 1.2 pounds per acre.
3"
Surface water sanqjles taken 5 minutes after spraying contained 1.35 p.p.m. (parts per million) DDT while only 0.08 p.p.m. was found in subsurface water. The amounts found decreased rapidly and 32 hours later only a trace was detected.
Wo DDT was found in water samples taken following two heavy rains subsequent to spraying.
.
DDT was found in postspray aquatic vegetation samples at least 10 miles below the spray area collected as late as September 1957* 6.
Wo DDT was foiind in bottom sediments collected before or after spraying 7 • Drift samples and bottom collections showed that aquatic insects were materially reduced by the DDT spray.
8.
Insect recovery was slight during 1957 hut considerable during 1958* 9-High water prevented efficient prespray sampling of the fish population, but enough fish were recovered to determine that the population was primarily suckers 10.
Dead suckers began to appear within a few days after spraying. In a regularly patrolled section (about 2 miles long), the number found per day increased to 80 about 10 days after spraying. Dead suckers were found throughout the summer aiid fall but in smaller numbers . The mortality extended downstream for about 8 miles below the spray area.
11.
No dead trout were found in the spray area during the summer, hut dead brown trout were observed below the spray area in late November and early December, 1957* The extent of this die-off could not be determined but the mortality was greater than usual, even during the spacing season.
12.
Fish tissues were chemically analyzed and DDT was found in all fish (dead or alive) collected following spraying. Because considerable variation in quantities was found, no conclusions were made on the amount of DDT in fish that was associated vrith mortalities.
13.
Observations on stream bottom fauna were also made on the Madison River and Judith River. The effect of the spray on bottom organisms in these streams was similar to that for the Ruby River and to previous studies. No fish mortalities were reported on either stream.
14.
A few incidental observations were made on the other areas where fish mortalities were reported following spraying. Reservoir (38, is located midway along the river and about 5 miles south of Alder. Average discharge immediately above the reservoir is l62 cubic feet per second, while at the mouth of the river it is 226 cubic feet per second (map l).
The general spray area included the headwaters of the Ruby River down to Canyon Camp (about 12 miles above the reservoir). A broad valley lies below Canyon Camp and the river meanders through a flood plain 1 to 3 miles wide. Forage crops are produced on the flood plain, while the bench lands are used mainly for grazing. Vegetative cover in the area above Canyon Camp consists of about equal portions of timber and grassland. Heaviest stands of timber occur on the north slopes of tributary streams and on the benches and steep slopes at higher elevations.
(See cover.) Because the spraying of areas immediately adjacent to the river occurred between Three Forks Cow Camp and Canyon Camp (about 13 miles), this part of the stream was selected as the major study area (map 2).
Description of the Study Area
The uppermost collecting station (l) in the study area was located just above the entrance of the East and West Forks of the Ruby River and the lowest station (8) was 17 miles downstream at Ledford Bridge. From station 1 to station 5 (about 7 miles), the river flows through rolling hills and two shallow canyons . Scattered stands of timber occur along the river in this area, with heaviest stands in the canyons. Willow and alder are found along the banks where the flood plain is broad. The stream meanders considerable in this area and has widths from 10 to 30 feet and depths range from 6 inches to 6 feet. Riffles and pools are intermittent and the bottom types vary from rubble in the riffles to silt and muck in the pools From station 5 to station 7 (Canyon Camp) the river flows through hay meadows, but timber reaches the stream in several areas where it meanders close to steep slopes. The river meanders more in this area than above and the gradient is less . The largest tributary of the Ruby River in the study area (Warm Springs Creek) No special instructions were given the pilot as the Ruby River was to be sprayed by the best practical method for control of the spruce budworm. General instructions included shutoffs over large streams, lakes, or openings over 120 acres in size.
The spray consisted of 1 pound of DDT dissolved in 1.25 quarts of hydro solvent and diluted in sufficient oil to make 1 gallon of insect Sensitized cards that collected the spray showed varying amounts reached the ground and water surfaces. (5300) and unsprayed card (5266).
-11 -Spray cards were placed along the Ruby River from station 1 to station 5, (map 2).
This area was selected for spray deposit checking, hecause scattered patches of Douglas-fir timber extended to the river's edge in many places.
The upper 7 miles of the study^rea was sectionaTized to facilitate card laying. Sixty-two cards were placed approximately 500 feet apart along the stream in 6 sections.
Section 1 was treeless for a distance of 500 feet, then a mixture of juniper, limber pine, and Douglas-fir extended to the river's edge on the west side of the Ruby River. Section 2 was a continuation of the mixed timber type. Sections 3, k, and 5 were in open areas with only willow and alder growing along the stream. Section 6 had timber on both sides of the river for about one half mile.
The data from the sensitized cards axe presen-^ed in tables 2 and 3. Nine sensitized cards failed to reveal any spray deposit, while one card showed 1.2 pounds of DDT per acre reached the river's edge. Side drift occurred in the treeless sections.
( Table 3 ) Initial results from selected samples determined which samples were analyzed.
Water samples were collected during and after spraying to determine the concentration of DDT in the water and the length of time it remained after spraying.
( Figure 6 ) Two samples of 1 gallon each were collected for each sampling period. Surface water was sampled by immersing half the mouth of the jug, and then moving it back and forth across the stream. Subsurface water was collected in the main current with the entire mouth submerged. For some analyses, surface and subsurface samples were combined. Tlie water samples were acidified to prevent decomposition of DDT in storage Figure 6 . Water samples were collected during and after spraying.
-13 -Analyses were made by the Chemistry Department, Montana State College. The extraction procedures used are described by Berck, 1953 of which 70 percent were mayflies. The volume of drifting insects began to decrease within 2 hours after spraying. Twenty-four hours later only 3 cc. were collected.
( Table 6 ) Four days after spray day no insects were taken in the drift samples. A 5"ininute sample taken at 3^30 p.m. showed only about 100 small mayflies. Two drift saniples taken at 9:30 a.m. and 4:00 p.m. on July 18 failed to reveal any change in the number of mayfly nymphs floating downstream.
A .34-inch rain the night of July l8 made the river turbid, but a drift sample taken at near peak flow ( 8:30 a.m.) was still considered to be normal. Apparently the run-off did not carry sufficient DDT to cause insect mortality.
Stream Bottom Sangiling
Eight stream bottom sampling stations were established from one half mile above the confluence of the East Fork and West Fork tributaries of the Ruby River (station 1) to Ledford Bridge (station 8). This is a road distance of about 17 miles.
(Map 2) Station 1 was not in timber type and, therefore, was not in the spray area. Spraying on tributaries above this station precluded its use as a control station.
The next station down the river (station 2) was established at the mouth of Elk Creek. There a mixture of limber pine, juniper, and Douglas-fir timber formed a continuous band for about 0.2 of a mile on the west side of the Ruby River.
Both station 3 at the mouth of Burnt Creek and station 4 , near the entrance of Bear Creek were out of type (no Douglas-fir trees were immediately adjacent to the stream) High water during the prespray sampling period prevented the use of the Surber square-foot sampler; therefore, a square-yard sampling method was adopted. This sampler consists of a metal frame (3 feet square) to outline the unit area to be sampled, and a collecting net made of common window screen fastened to two portable, upright wooden pole handles. (Figure 7 ) Agitation within the boundary of the metal frame loosened the bottom invertebrates, and they were collected on this net at the lower edge of the frame.
Care was exercised to prevent side drift and over-the-top losses. Then the screen was cleaned over a plastic sheet and the bottom organisms were separated from the debris and placed in vials containing alcohol.
( Figure 8 ) In 1957, two square-yard bottom samples were taken four times during the summer season at each of the eight stations on the Ruby River. These 64 sanples were preserved and identified to order (except dipterous material, which was identified to family) Figure 7> Square -yard samples. Note metal frame outlining unit to be sampled. Of the four major insect orders present in the Ruby River, population reductions appeared to be most severe in Trichoptera (caddisflies) and Ephemeroptera (mayflies). The Plecoptera (stoneflies) seemed to be less affected than the Diptera (true flies) when all species were considered. However, horse flies ( Diptera ) apparently were not affected by the spray.
These data do not support the reports of other studies that have classed the Plecoptera highly susceptible. It may be that the species, Pteronarcys sp., that comprises the bulk of the Plecoptera in this study are less susceptible.
Considerable variation may be noted in the samples taken at various stations.
( Table 8 ) This may be due to insufficient samples, low populations, and that sampling dates did not consider cyclic development of the aquatic insects -19- 
Fish Population
The fish population was sampled with a 500"'watt, 2^4-0-volt electric shocker 0 Three-hundred-foot sections of the stream were selected and blocked at both ends with nets. Each section was shocked three times during a sampling period. Stunned fish were captured with dip nets and were anesthetized in a 0.5 percent solution of urethane before measuring. Total lengths were taken to the nearest 0.1 of an inch. Only fish over 3 inches long were used in population index numbers, since fi.sh smaller than ' this could not be efficiently collected.
«•
Four sections v/ere selected on the Ruby River from station 1 to just below T* station 5* fhe river below the entrance of Warm Springs Creek was too large to be efficiently sampled by the method used. High water prevented sampling all sections except station 1 prior to spraying. Results obtained from shocking as soon after spraying as streamflow permitted (table 11) Indicate that over 75 percent of the fish in the area were suckers. The average number of trout per section was less than 6 and nearly all of these were rainbow.
Sampling between the entrance of V/arm Springs Creek and Canyon Camp indicated that the species composition and relative abundance was similar to the above. Creel census and sampling below Canyon Camp showed that brown trout were more common, but abundance could not be determined. The number of fish captured from section 1 (located above spray area) the day before spraying (July 6) were 2 rainbow trout and 30 longnose suckers On August 26, 1 brown trout, 6 rainbow trout, and only 1 sucker were co].-lected. The large number of suckers present on July 6 were considered to be spawners that had migrated upstream to the area and by August 26 they had moved back downstream.
Spraying along Warm Springs Creek was limited to one side of a mile-long canyon area.
( Figure 3 ) The lower part of this canyon is about 1 mile above the stream's entrance into the Ruby River. Three shocking sections were established on Warm Springs Creek. Sections 1 and 2 were in the canyon and section 3 was in the meadow below. Results obtained from shocking 1 week prior to spraying and 7 weeks following spraying are presented in table 12.
Sculpins and dace were numerous but nimibers were not recorded. Game fish (mostly rainbow trout) comprised less than 15 percent of the fish recorded. Wo significant reduction of the fish population between sampling periods was noted. Wo young trout less than 3 inches long were observed on either stream. Wo observations were made in 1958 The portion of the Ruby River between stations 1 and 5 the canyon and meadow areas of Warm Springs Creek were intensively patrolled by 9 men on spray day and the day following. Wo dead fish were found on spray day, but on the day after, 3 longnose suckers and 1 mountain sucker were recovered from the meadow on Warm Springs Creek. Patrolling on July 9 was conducted along 2 miles of the river near station 3 , 1 mile of the river above Canyon Camp (station 7) the lower part of Warm Springs Creek.
Dead fish found included 3 dace from Warm Springs Creek and 3 suckers and 1 rainbow trout from the section above Canyon Camp. The rainbow trout appeared to have suffered a mechanical injury.
On July 10, a section of the river (approximately 2 miles) above Canyon Camp (station 7) was selected for periodic patrolling. The numbers of dead suckers found in this area increased from 9 July 10 to 80 on July 17.
Ey end of July, a total of 345 were recovered. Dead suckers were found throughout the summer and fall (patrolling in this area ended November 29), but in smaller numbers. Only 1 dead bro'sm. trout and 1 viiitefish were found in this area.
No dead fish were found in the river above station 5, 1^w.t A sample consisted of from 1 to 6 fish. After collection, the sample was refrigerated, ground in a meat grinder, hand blended, and the composite was frozen for storage. Tlie stomach contents were removed from all fish before grinding. Only dead fish with red gills, and therefore quite fresh, w'ere considered in these results. Analysis was made on 50 to 100 grams of the sample following procedures described by Davldow, 195 0, and Schechter and Haller, 1945 No DDT was found in samples collected just prior to spraying, but it w'as found in all fish (dead or a,live) collected following spraying. The amounts detected varied from 0.10 p.p.m. in a sample of dead suckers to 6.20 p.p.m. in a sample of sick suckers ( The flesh of 12 suckers (sample 2 ) was removed^ground in a meat grinderĥ and blended, divided into 4 subsaaiples, and frozen for shipping. Before analysis, these subsamples were mechanically blended so tha,t samples extracted were homogeneous. The amount of DDT found in one subsample was four times greater than in another, indicating that some of the variability may be due to chemical procedures.
Because of the inconsistent results, no conclusions are made on the amouiit of DDT in fish that might indicate mortality due to spraying with DDT.
In any case, the effect of a partic\ila-r concentration of DDT would vary considerably, depending on environmental conditions and the physical condition of the fish. Spray cards placed along the stream indicated that only a small amount of DDT was introduced into the river, but tributary streams received normal dosages (.15 "to .20 pounds per acre). Trace amounts of DDT were found in water samples collected from the river below the canyon on the mornings of July 12 and 15
Numerous drifting insects were observed in Beaver Creek (a tributary to the river in the canyon area) on July 13, the day this drainage was sprayed. One 5 -minute drift sample contained 6.^5 cc. of drifting insects. The next day the volume had decreased to I .65 cc. The amounts collected in drift samples from Cabin Creek, another tributary of the Madison, increased from 0.4 cc. on July 13 to 3*3 cc. on July I 5 , the day this drainage was sprayed.
A drift sample collected from the Madison River about 2 miles below the canyon on July 11 contained 0.3 cc . volume of insects. On July 12, this incr6a,s6d "bo 1.8 cc. and rGinained at about this IgvgI through July 1^. On July 15, 0.3 cc. were found. Most of these drifting insects were extremely small mayflies. Over 2,000 were found in one sample, with a volume of I .9 cc.
Bottom insects were sampled at 3 stations within the spray area and at 3 stations below. Two square -yard samples were collected for each sample except at station B where 3 square -yards were sampled. Results are presented in table 15 -Aquatic insects were reduced in sprayed areas and for at least 2 miles below. Mayflies and caddisflies showed the greatest reduction, and true flies ( Di'ptera ) were affected the least. The bulk of the flies were horse flies. Whereas fall volumes in control stations on other streams show increases of 3 4 times over June samples, the fall volumes on this stream are 3 to 4 times less. Affects on stations E and F (8 and 25 miles) below the spray area were considerably less.
Although insects were materially reduced, no fish mortalities were reported from this area of the river.
-31- The inaccessible headwaters of the Judith River were sprayed over about a 2 -weeK period (July 8 to 23 , 1957 ) • The drainage area is fan -shaped and samples were collected at the base of the fan where the river is formed.
No DDT was found in water samples collected every other morning from July 11 through July 25 --32 -The square -yard samples were taken at 3 stations below where the river is formed, on July 1, 11, and 23, 1957-Results are presented in table l6 . The number and volume of aquatic insects was materially reduced between July 1 (prespray) and July 23 (postspray) samples. It is possible that DDT was present in the water in such small quantity that it could not be chemically detected by the method used. Although insect reductions occurred, no fish mortalities were reported for this area.
Big Hole River
On July l8, 1957? a reported fish mortality in the Big Hole River at the Butte Water Commission Pumping Station was Investigated. The station operator stated that DDT spraying in the immediate area occurred on about July 5, 1957, but the smell of spray was strong each morning from July 7 throu^i July 9. The Forest Service reported that on one of these mornings, airplane trouble resulted in spraying closer to the river than planned. The operator of the pxomping station first noticed dead suckers on July 10 but did not become concerned until July l4, when he removed about 60 suckers in a distance of 200 yards. He patrolled a 1-mile section above the p-umping station each day after July l4 but did not record the number of dead fish removed. On July 17, he did remove at least 125 suckers from this section of the river. Also removed during the die-off were 2 rainbow trout, 5 whitefish, and some sculpins. The Big Hole River was patrolled for a distance of 5 miles below the pumping station on July 22 and dead fish recovered included II9 suckers, 2 whitefish, 1 ling, and 1 sculpin. The mortality at the pumping station decreased rapidly and had dwindled to nothing by July 25. On December 3; the operator stated that no additional fish mortality had occurred up to that time. A careful examination of dead suckers was made and no bacteria or parasites which might have caused the mortality were found. DDT (2.39 p.p.m.) was found in a sample of the dead suckers.
A reported fish die-off on the Big Hole River between the Butte Pumping Station and Melrose (about 10 miles downstream) was investigated on March 20, 1958.
Dead fish were first observed in late February when the ice began to break up, but the mortality was apparently over at the time of the investigation.
Interviews with local residents revealed the species composition of the die-off to be mostly suckers, some whitefish, and a few trout. Three deep sections of the river near Melrose were patrolled and 53 dead suckers and 2 dead whitefish were counted.
De adman Lake
About 30 dead cutthroat trout were found along the shore of this small mountain lake on the day spraying occurred below the lake. The smell of DDT spray and the presence of an oil film on water surface was reported. Six days following spraying the shore was patrolled and only I5 dead fish were found. Trout were observed swimming in the lake on this day and live sciilpins, caddisflies, and stoneflies were found in the stream above and below the lake. A sample of dead fish was analyzed for DDT and 2.9I p.p.m. were found.
